OBJECTIVE: This study investigated the clinical utility of an automated breast volume scanner (ABVS) system for the detection of breast lesions. METHODS: The breasts of 81 patients referred for ultrasonographic examination were scanned using the ABVS system and handheld ultrasonography independently by two experienced examiners. The ABVS was used to perform scans of the breast in three directions (anteroposterior, lateral and medial), with the addition of further inferior and superior scans if necessary. The scanning data were then stored and automatically reconstructed. For hand-held ultrasonography the whole breast was scanned radially from the outside to the centre of the nipple. RESULTS: The numbers of lesions reported by the two examiners were 89 and 99, respectively, using the ABVS (not statistically significant), compared with 60 and 85, respectively, using handheld ultrasonography (statistically significant). CONCLUSIONS: The ABVS system is an operator-independent method for automated breast scanning. It detected more breast lesions and provided additional information for the diagnosis of intraductal and malignant lesions compared with hand-held ultrasonography.
Introduction
Ultrasonography has become increasingly important in the detection of breast lesions, 1,2 especially small masses (diameter < 2 cm) that are negative on clinical palpation or X-ray mammography. 3, 4 The advantages of hand-held ultrasonography (HHUS) are widely recognized: it is relatively inexpensive, portable, fast enough to provide real-time images and well tolerated by the patient. The main drawbacks of HHUS are that it is time-consuming and not automated so has a high level of operator dependence. 5, 6 In order to overcome these, a system for automated ultrasound scanning of the breast has been developed. 7 The automated breast volume scanner (ABVS) automatically moves in a straight line while the operator applies pressure. Ultrasound scans are performed in three directions (anteroposterior, lateral and medial), with the addition of further inferior and superior scans if necessary to cover the whole breast.
The ABVS is a three-dimensional volume imaging system that is able to provide data from the entire breast. In addition, the Q Zhang, B Hu, B Hu et al. Automated breast volume scanner for breast lesion detection system automatically reconstructs whole breast images from the coronal and sagittal views, allowing multiplanar display and true ultrasound tomography of the breast. 6,8 -12 The present study assessed the value of the ABVS compared with HHUS for the detection of breast lesions in a clinical setting.
Patients and methods

STUDY POPULATION
Women referred to the Department of Medical Ultrasound, Sixth People's Hospital Affiliated to Shanghai Jiao Tong University, Shanghai, China for ultrasonographic examination of the breasts between 27 April 2010 and 13 May 2010 were included in the study. Each breast was scanned with HHUS once each by two clinical ultrasonographers (Q.Z., B.H.) with 7 and 2 years' experience, respectively, in breast ultrasound. Each breast was then scanned once using the ABVS and the resulting images were analysed independently by each of the ultrasonographers. Examinations were conducted without knowledge of the results obtained by the other ultrasonographer or those obtained using the alternative technique. All scanning data were recorded and stored.
The Independent Ethics Committee of Shanghai Sixth People's Hospital, Shanghai, China, and the Ethics Review Committee of Shanghai Jiao Tong University, Shanghai, China, approved the study. Verbal informed consent was obtained from each of the study participants.
HHUS
Hand-held ultrasonography was performed using the ACUSON S2000™ ultrasound system (Siemens, Erlangen, Germany) equipped with a large-format 50 mm linear array transducer with a bandwidth of 6 -18 MHz; for the present study the frequency was set at 11 MHz.
The whole breast was scanned radially from the outside to the centre of the nipple with the patient in a supine position. If an abnormal lesion was detected, its range, shape, internal echo and boundary conditions with surrounding tissue were recorded.
ABVS
Automated breast ultrasound was conducted using the ACUSON S2000™ ABVS, consisting of the ABVS module with the core components of flexible arms, touch screen monitor and scanner (transducer, scan box and screen-membrane for contact). The ABVS transducer was equipped with a linear array (5 -14 MHz bandwidth); the frequency was set at 11 MHz for the present study. Each automatic sweep of the scanner generated 15.4 × 16.8 cm × maximum 6 cm volume data sets.
The patient was placed in the supine position for the examination. The system was set to provide an automatic scanning time of 65 s per scan with a slice thickness of 0.5 mm. Anteroposterior, lateral and medial sections of the breast were scanned sequentially, with the addition of further inferior and superior scans if necessary to cover the whole breast. For all scans, the scanning direction was from inferior to superior, and the scanning was stopped automatically after a preset distance of 15.4 cm was travelled. The whole nipple was included in each scan.
Data were saved and transferred from the ABVS to the ACUSON S2000™ ABVS workstation. Multiplanar reconstruction enabled examination of the images at multiple levels for the presence of lesions.
STATISTICAL ANALYSES
Statistical comparisons were performed 
Results
A total of 162 breasts of 81 patients with a mean age of 41.2 years (range 19 -72 years) were examined. Indications for ultrasound included positive physical findings on clinical examination (n = 25), masses or other abnormal findings on mammography (n = 17), or feelings of discomfort, such as breast pain or breast distension (n = 39).
Breast lesions were identified in 45 of the 81 patients; no obvious lesions were found in the remaining 36 patients. A maximum of 99 lesions were detected, including 90 benign lesions (hyperplastic nodule, fibroadenoma, cyst, intraductal papilloma) and nine malignant tumours or precancerous lesions (invasive ductal carcinoma, papillomatosis with moderate or severe dysplasia). All the malignant lesions and some of the benign lesions were confirmed by pathological examination. The mean ± SD size of the lesions was 12.70 ± 6.55 mm (range 3.2 -54.0 mm). Overall, more lesions were detected by ABVS than by HHUS ( Table 1) . The difference in the number of lesions detected using ABVS compared with HHUS was significant (P = 0.0006) for the ultrasonographer with 2 years' experience but not for the ultrasonographer with 7 years' experience. In addition, the difference in the number of lesions detected between the two ultrasonographers was statistically significant (P = 0.0002) for HHUS but not for the ABVS (Table 1) .
Analysis of the type of lesions detected by the ABVS but not by HHUS indicated that the ABVS is particularly useful for the detection of small lesions and those near the periphery of the mammary gland (data not shown).
The ABVS system also improved the detection of intraductal lesions ( Fig. 1) and was helpful in differentiating benign and malignant lesions (Fig. 2 ).
Discussion
A number of different automated systems for ultrasound scanning of the breast have been developed. The most commonly used technologies are the Aloka SSD-5500 ultrasound system 12 with an ASU-1004 full breast scanner (Aloka, Wallingford, CT, USA) and the Logiq ® 9 ultrasound system (GE Healthcare Biosciences, Piscataway, NJ, USA). 13, 14 The ASU-1004 scanner requires the patient to be in a prone position with the breast in a water tank, while the waterproof probe scans back and forth under the water. It is inconvenient to maintain a tank of warm deaerated water and the images produced are often of poor quality. The Logiq ® 9 system 13,14 is analogous to mammography; however, in some instances Q Zhang, B Hu, B Hu et al.
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lesions that are fully visible on mammography may only be partially visible in images obtained from the automated ultrasound system. 13 -15 In addition, it is not well accepted by patients due to the requirement that the scan be performed at near-maximum compression of the breast.
The development of the ABVS has enabled the patient to be scanned in a supine position. 7 Because the probe moves in a straight line, a single scan cannot cover the whole breast volume, especially if the breast is large. Training of the examiner is necessary, therefore, to ensure a complete scan is correctly performed.
In the present study, the ABVS was found to increase the number of detected breast lesions, especially lesions near the periphery of the mammary gland and those of small volume. This may be due to the ABVS scanning more of the breast tissue volume, thus providing more diagnostic information and being less likely to miss breast lesions. In addition, the ABVS system was set with a layer interval of 0.5 mm, which helps to reduce the volume effects of ultrasound examination and provides better image quality for three-dimensional coronal reconstruction. In the present study there was no significant difference in the lesion detection rate between the two examiners when using ABVS, indicating that the ABVS 
system is operator independent.
The ABVS system was found to be helpful in the present study for the detection of intraductal lesions and for differentiating between benign and malignant lesions. In particular, coronal reconstruction can demonstrate well the route of the mammary ducts from the periphery of the breast to the nipple. 16 In most malignant lesions, coronal reconstruction is able to show multifocal or multicentric lesions 17 together with some characteristic signs: breast cancer often presents as a stellate lesion that has a desmoplastic reaction producing contraction of breast tissue towards the mass and disrupting the normal parallel soft tissue planes. 18 -23 The advantages and disadvantages of the ABVS system are given in Table 2 . The ABVS system is operator independent and overcomes the shortcomings of HHUS, which is operator-dependent, time-consuming and produces less complete scans. 5 -7 In addition, the diagnostic physician can view the images independently at the workstation. More importantly, the production of a complete data set and the ability to store the images are more conducive to the retrospective analysis of cases. There are several limitations of the ABVS, including difficulty in analysing the vascularity and elasticity of breast lesions. 24 -26 In conclusion, the ABVS system is an operator independent, feasible method for automated breast scanning. In the present study it enabled the detection of more breast lesions and provided additional information for the diagnosis of intraductal and malignant lesions compared with HHUS. The present preliminary findings in the diagnosis of breast lesions should be further confirmed in a larger study.
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